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ABSTRACT 

NGC 2770 has been the host of three supernovae of Type lb during the last 10 years, SN 1999eh, 
SN 2007uy and SN 2008D. SN 2008D attracted special attention due to the serendipitous discovery 
of an associated X-ray transient. In this paper, we study the properties of NGC 2770 and specifically 
the three SN sites to investigate whether this galaxy is in any way peculiar to cause a high frequency 
of SNe lb. We model the global SED of the galaxy from broadband data and derive a star-formation 
and SN rate comparable to the values of the Milky Way. We further study the galaxy using longslit 
spectroscopy covering the major axis and the three SN sites. From the spectroscopic study we find 
subsolar metallicities for the SN sites, a high extinction and a moderate star-formation rate. In a high 
resolution spectrum, we also detect diffuse interstellar bands in the line-of-sight towards SN 2008. A 
comparison of NGC 2770 to the global properties of a galaxy sample with high SN occurance (> 3 
SN in the last 100 years) suggests that NGC 2770 is not particularly destined to produce such an 
enhancement of observed SNe observed. Its properties are also very different from gamma-ray burst 
host galaxies. Statistical considerations on SN lb detection rates give a probability of ~ 1.5% to find 
a galaxy with three lb SNe detected in 10 years. The high number of rare lb SNe in this galaxy is 
therefore likely to be a coincidence rather than special properties of the galaxy itself. NGC 2770 has a 
small irregular companion, NGC 2770B, which is highly starforming, has a very low mass and one of 
the lowest metallicities detected in the nearby universe as derived from longslit spectroscopy. In the 
most metal poor part, we even detect Wolf-Rayet features, against the current models of WR stars 
which require high metallicities. 
Subject headings: galaxies: ISM, galaxies: NGC 2770 
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1. INTRODUCTION 

Massive stars end their lives in various ways, as gov- 
erned by their mass, composition, angular momentum 
and whether or not they are interacting with a com- 
panion star (e.g. Heger et al. 2002). The most mas- 
sive stars loose their outer layers through winds whose 
strength strongly depend on the metallicity of the star 
(e.g. Crowther et al. 2002, and references therein). These 
stripped stars explode as supernovae (SNe) Type lb (SN 
lb) if they have lost their hydrogen envelope or as SNe 
Type Ic (SN Ic) if they have also lost their He envelope. 
If the star is also rapidly rotating, it is believed that the 
star might even produce a Gamma-Ray Burst (GRB) 
(MacFadyen & Woosley 1999; Woosley & Heger 2006). 
SNe Ib/c are much rarer than SNe II, which are produced 
by stars with masses of 8 to 40 M0, whereas SNe Ib/cs 
are assumed to require zero age main sequence (ZAMS) 
masses of > 35 M0 for non-rotating stars (Woosley et al. 
2002). GRBs are even less common than SNe Ic which 
is in line with the general picture that GRB progenitors 
require some special conditions to produce a GRB. 

Only for SNe II has it been possible to identify the 
progenitor star - which turned out to be yellow, red or 
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blue giants with masses of around 8-20 M©, e.g. SN 
1987A (Gilmozzi et al. 1987), SN 2002ov (Li et al. 2007), 
SN 2004A (Hendry et al. 2006) and SN 2006gl (Gal- Yam 
et al. 2007). Furthermore, several detections have been 
made using preexplosion imaging from the HST archive 
(e.g. Smartt et al. 2003). SNe Ib/c have so far evaded 
an identification with a progenitor star (Maund et al. 
2005; Crockett et al. 2007, 2008). This is also the case 
for GRBs which most often occur at distances that do 
not even allow us to resolve their host galaxies. 

When the progenitor cannot be directly identified, 
studying the environment can provide important infor- 
mation about what kind of star exploded. Spatially re- 
solved photometric studies of the sites of different types 
of SNe show that SNe Type II trace the light of their 
host galaxies while GRBs are more concentrated towards 
bright regions (Fruchter et al. 2006) and that SNe Type 
lb, Ic and GRBs appear to be differently distributed 
within their hosts (Kelly et al. 2007). Spectroscopic in- 
vestigations show that the broadlined SNe Ic which are 
not connected to GRBs are found at sites with higher 
metallicities than those that are connected to GRBs 
(Modjaz et al. 2008a). A spatially resolved study of the 
host of one long-duration GRB which was not connected 
to a SN also showed a low metallicity in comparison to 
the rest of the host galaxy (Thone et al. 2008). 

Long duration GRBs have been found to be associated 
with broadlined SNe Ic. There are four spectroscopically 
confirmed cases so far, namely GRB 980425 (Galama et 
al. 1998), GRB 030329 (Hjorth et al. 2003; Matheson et 
al. 2003; Stanek et al. 2003), GRB 031203 (Cobb et al. 
2004; Thomsen et al. 2004; Malesani et al. 2004; Gal- Yam 
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et al. 2004) and GRB 060218 (Plan et al. 2006; SoUcrman 
et al. 2006; Modjaz et al. 2006; Mirabal et al. 2006). For 
all other nearby long GRBs up to 2006 where a SN could 
have been observed, additional light from the SN com- 
ponent was found in the late time lightcurves (e.g., Zch 
et al. 2004). GRBs therefore offer a unique opportunity 
to observe a SN from the very onset of the explosion, as 
indicated by the prompt emission from the GRB. The 
connection between GRBs and broadlined SNe Ic, how- 
ever, had to be revised in 2006 when two long-duration 
GRBs were found not to show any sign of an associated 
SN (Fynbo et al. 2006; Gehrels et al. 2006; Delia Vallc 
et al. 2006; Gal- Yam et al. 2006; Ofek et al. 2007). 

One important supernova that recently caught the at- 
tention of the community is SN 2008D which was as- 
sociated with an X-ray transient (XT) (Soderberg et 
al. 2008). This supernova was serendipitously detected 
while the XRT instrument onboard the 5'wift satellite 
(Gehrels et al. 2004) observed another supernova, SN 
2007uy, in the same galaxy. Whether this prompt XT 
originated from a weak GRB-like event or if it was due 
to the shock breakout from the star is still under debate 
(Soderberg ct al. 2008; Modjaz et al. 2008b; Malesani et 
al. 2008; Xu et al. 2008). The X-ray emission, however, 
is clearly associated with the onset of the explosion, and 
consequently SN 2008D was one of the earliest observed 
SNe. The SN spectrum evolved from a smooth spectrum 
with small undulations characteristic of a high-velocity 
ejecta into a typical SN lb (Soderberg et al. 2008; Modjaz 
et al. 2008b; Malesani et al. 2008). Also the host galaxy 
of this supernova, NGC 2770, has attracted some atten- 
tion as it produced three SNe within the last 9 years, 
SNe 1999eh, 2007uy and 2008D. Intriguingly, all three 
were stripped envelope core-collapse SNe lb. 

In this paper, we present a study on the local properties 
at the SN sites as well as of other regions in NGC 2770 
with longslit spectroscopy and compare the host itself 
with a sample of other supernova producing galaxies. We 
want to investigate if the occurrence of three recent SNe 
lb can be explained by some physical properties of the 
host galaxy. In Section 2 we present the observations 
and data reduction of the spectra. Section 3 studies the 
global properties of NGC 2770 and properties derived 
from modeling the spectral energy distribution (SED). In 
Section 4 we analyze the different regions in the host in 
terms of metallicity, extinction and star formation rate 
(SFR). Section 5 compares NGC 2770 to a sample of 
other nearby galaxies with several recent SNe and discuss 
the probability to find three SNe lb in a galaxy within 
nine years. Finally, Section 6 investigates the properties 
of the companion galaxy NGC 2770B. Throughout the 
paper we use a cosmology with IIo=70 km s~^ Mpc^^, 
51a=0.7 and riin=0.3. At z = 0.007 this corresponds to 
0.13 kpc per arcsecond and we use a distance of 27 Mpc 
to NGC 2700. 

2. OBSERVATIONS 

We carried out optical spectroscopy using the F0RS2 
spectrograph at the VLT on Jan. 11.31, 2008. A I'.'O 
arcsec wide slit together with the 300V grism provided a 
resolution of 11 A. The slit covered the site of SN 2008D 
as well as some outer parts of the galaxy. We obtained 
further spectra with ALFOSC at the NOT on Jan. 13, 15 
and on Feb. 03 using grism 4. These observations were 



TABLE 1 
Observation log 



Date 

[UT] 



telescope/instr. grism/filtcr 



A, Ac/AA exptime 

[A] [s] 



Jan. 11.31 VLT/FORS2 grism 300V 3000-9600 600 

Jan. 13.07 NOT/ALFOSC grism 4 2950-9050 3600 

Jan. 15.21 NOT/ALFOSC grism 4 2950-9050 600 

Jan. 15.95 NOT/ALFOSC grism 4 2950-9050 3600 

Jan. 18.22 VLT/UVES DICl 3300-6650 3600 

Feb. 03.15 NOT/ALFOSC grism 4 2950-9050 1800 

Mar. 16.11 VLT/FORSl Ha z=0.007 6604 / 64 120 

Mar. 16.11 VLT/FORSl Ha z=0 6563 / 61 120 

Note. — Log of the spectroscopic and narrowband imaging obser- 
vations. 

also part of the observations reported in Malesani et al. 
(2008). While Malesani et al. (2008) used these data 
to study the supernova itself, we instead concentrate on 
the host galaxy. The three NOT spectra were obtained 
at three different slit positions (see also Fig. 4). The 
first included the positions of SNe 2008D and 2007uy 
which were also detected in the spectrum. The second 
one was placed along the major axis of the galaxy and 
the last one included the positions of SNe 2008D and 
1999eh, where the latter one had already faded. On Jan. 
15.21, we also obtained one 600s spectrum of the nearby 
galaxy NGC 2770B with ALFOSC (Fynbo et al. 2008). 
Reduction and flux calibration of the spectra were done 
using standard tasks in IRAF. For the flux calibration 
we used the standard stars HD 19445, BD-l-75325 and 
BD-h332642 for the ALFOSC spectra and CD 108 for 
the F0RS2 spectrum. From the longslit spectra we then 
extracted traces of equal sizes at the positions of the SNe 
and other HII regions in the galaxy (see Section 4) 

Furthermore, we obtained high-resolution echelle spec- 
tra of SN 2008D with UVES (Dckkcr et al. 2000) at the 
VLT on Jan. 18, 2008. We used the DICl (390+564) 
setting together with a I'.'O wide slit. This set-up covers 
a wavelength range from 3300 to 6650A at a resolution of 
6-8 km s~^. The UVES data have been reduced and ex- 
tracted using the ESO GPL pipeline ^ and flux-calibrated 
with the master response curves provided by ESO ^. 

We also obtained imaging data with FORSl at the 
VLT on March 16 using an Ha filter shifted to i— 0.007 
with a central wavelength of 6604 A and a width of 64 
A as well as an offband filter for which we used the Ha 
filter at z=0 with Acentor = 6563 A and AA = 61 A. In 
order to flux calibrate the Ha image we determined the 
flux within the Ha line from one of the traces extracted 
from the FORS spectra. We compared this flux with the 
counts within several rectangular apertures of the same 
size as for the extraction of the spectrum (1x3 arcsec) 
at the same positions along the slit by accounting for 
the different continuum levels from the galaxy and the 
varying strength of the [N ii] line which is included in the 
Ha narrowband filter. 

For a log of the observations see Table 1. Fig. 1 shows a 
color composite of I band observations taken with FORSl 
(Malesani et al. 2008) and the Ha and Ha offband images 
used in this paper. 

* http://www.eso.org/sci/data-proccssing/software/pipelines/ 
uvcs/uves-pipe-recipes.html 

^ http;//www.eso.org/observing/dfo/quality/UVES/qc/re- 

sponsc.html 
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Fig. 1.— Image of NGC 2770 from I (red color), Ha (blue) and 
Ha offband (green) filters. The field of view is about 2x2.5 arcmin. 
Blue indicates Ha emission which nicely show the SF regions in the 
spiral arms of the galaxy. The positions of the 3 SNe are shown of 
which two are still visible in the image. 

3. GLOBAL PROPERTIES OF NGC 2770 
3.1. Modelling of the spectral energy distribution 

Extensive data are available in the literature on the 
emission of NGC 2770 at various wavelengths. We 
performed photometry on the archival GALEX (Mar- 
tin et al. 2003, 2005) UV images and Sloan Digital Sky 
Survey (SDSS) ugriz images. Furthermore, we obtained 
the infrared and radio fluxes from Cutri et al. (2003); 
Moshir et al. (1990); Dressel & Condon (1978) and Con- 
don et al. (1998) reported in the NASA Extragalactic 
Database (NED). These data were used to fit the broad 
band spectral energy distribution (SED) with templates 
from the GRASIL code (Silva et al. 1998). 

In the GRASIL code each SED template is calculated 
by the following procedure. At the first stage an initial 
gas reservoir, infalling gas rate and star formation his- 
tory are assumed and then at given time the emission 
of the resulting stellar population is summed up. Fi- 
nally, the total galaxy spectrum is calculated by means 
of a two-dimensional radiative transfer method, applied 
to photons reprocessed by dust. After we found the 
best-fitting template we derived several galaxy proper- 
ties from the SED (as in Michalowski et al. 2008). SFR, 
SN rate, stellar, dust, gas and total baryonic masses are 
given as output from GRASIL for the best-fiting tem- 
plate. The Infrared luminosity was obtained by integrat- 
ing the SED over the range of 8 — 1000 /im. The average 
extinction (outside of the molecular clouds) was calcu- 
lated as: Ay = 2.5 log (T^-band starlight extinguished 
by molecular clouds only / F-band starlight observed, 
see Silva et al. (1998)). This parameter describes the ex- 
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Fig. 2.— ModeUing of the broad-band SED of NGC 2770 from 
UV to radio wavelength using archival data compiled from the 
NASA Extragalactic Database (NED) and publicly available opti- 
cal and ultraviolet data from the SDSS and GALEX archives. Error 
bars are mostly smaller than the symbols. The solid line shows the 
best-fit model from the GRASIL code (Silva et al. 1998), which is 
the average of Sb and Sc templates (based on NGC 6946). 

tinction averaged throughout the galaxy as opposed to 
the line-of-sight extinction derived from optical GRB af- 
terglows. Ry was calculated comparing the extinction in 
the V- and B-bands: Ry = Ay / E{B - V). 

The spectral energy distribution (SED) of NGC 2770 
is well represented by an average model composed of the 
spiral Sc (NGC 6946) and Sb galaxies, taken from Silva 
et al. (1998). From the SED fit (see Fig. 2) we derive a 
star-formation rate (SFR) of ~ I.IM© yr~^ and a stellar 
mass of 2.1x10^° Mq (see Michalowski et al. 2008, for 
details on how these are derived from the SEDs). The re- 
sulting specific star- formation rate (SSFR) is 0.05 Gyr""^. 
The SFRs derived from different methods (radio, IR, UV, 
SED modelling) differ by about a factor of 2. This is not 
surprising since the UV SFR estimate is affected by ex- 
tinction and the different methods trace different parts of 
SF in the galaxy. Still, the values indicate that the SFR 
is not particularly high in NGC 2770. The SFR in radio 
is also directly connected to the supernova rate (SNR) as 
the nonthermal radio flux is produced by relativistic elec- 
trons accelerated in the SN shocks. Also the supernova 
rate (SNR) both from radio data and the SED modelling 
is therefore rather low with 0.01-0.02 SNe yr~^ which 
is comparable to the SNR of the Milky Way (MW). In 
addition to the SED fit, we also searched the literature 
for global measurements and properties of NGC 2770. 
Those, together with the SED outputs, are presented in 
Table 2. 

3.2. NGC 2770 in the context of other spiral galaxies 

In order to quantify to what extent the properties of 
NGC 2770 are similar to other galaxies we compare the 
global properties of NGC 2770 with a sample of more 
than 100 nearby spiral galaxies from Broeils & Rhee 
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(1997) which also includes NGC 2770. This sample is 
based on two HI surveys of spiral and irregular galax- 
ies with the Westerbork Synthesis Radio Telescope. We 
then determine the median and mean values of a number 
of properties and compare that with the values derived 
for NGC 2770. The mean in this sample is dominated 
by a few extreme outliers in the sample, therefore, we 
prefer to take the median value for comparison. We then 
conclude the following: 

• The HI surface density is one of the highest in the 



sample (median: 3.65 Mq/pc , maximum: 
M0/pc2, NGC 2770: 4.99 Mo/pc^). 
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• The HI mass is also above average (median: 3.5 
xlO'^ Mq, NGC 2770: 7x10^ M© ). 

• The total mass is above the median but slightly 
below the mean, however this is dominated by some 
very massive galaxies (median: log Mtot=7.8 Mq, 
NGC 2770: log Mtot=ll-38 Mq). 

• The ratio of the gas mass to the blue (S-band) 
luminosity is close to average (median: 0.26 
Mq/LbQ, NGC 2770: 0.24 Mq/LbQ). 

• The ratio of the gas mass to the near-IR (iJ-band) 
luminosity is slightly above average (median: 0.31 
Mq/LhQ, NGC 2770: 0.44 Mq/L^O). 

• The ratio of the gas mass to the total mass is 
slightly above average (median: 0.05, NGC 2770: 
0.06). 

This comparison shows that NGC 2770 has more or 
less average properties within this sample, except for the 
HI mass. The rather high gas mass and HI surface den- 
sity indicate that there is a lot of material present to 
produce stars. However, the current and past SFRs as 
derived from different datasets (see also Section 4.3) are 
not at all exceptionally high. Soderberg et al. (2008) 
suggested that the companion galaxy NGC 2770B could 
be interacting with NGC 2770 and cause the enhance- 
ment in SF. No obvious perturbations are visible in the 
optical images of NGC 2770. It would be interesting to 
investigate possible perturbations in the HI velocity field, 
but the available data from VLA do not provide a good 
enough resolution. Wainwright et al. (2007) conclude 
from HST imaging of GRB host galaxies that about 30- 
50% show evidence for interaction. However, the host 
of GRB980425/SN 1998bw was found to be an isolated 
galaxy (Foley et al. 2006) and the SF history is also con- 
sistent with a constant SFR over a few Gyrs (SoUerman 
et al. 2005). 

4. SPATIALLY RESOLVED OPTICAL SPECTROSCOPY OF 
NGC 2770 

From the four 2-dimensional longslit spectra, we ex- 
tracted traces at all positions along the slit that showed 
emission in Ha. We chose equally large extraction win- 
dows in all the spectra with a width of 3 arcsec, corre- 
sponding to 0.43 kpc. The spectra were then extracted 
using the strong and well defined SN traces as templates. 
For the slit containing SNe 2008D and 2007uy we took 
the SN trace closest to the region we wanted to extract. 
The relative distortions along the spatial axis are however 



only within one to two pixels and even for spectra with 
only one template trace, we are confident that we ex- 
tracted the same region along the entire dispersion axis. 
We note here that the FORS spectrograph has an at- 
mospheric dispersion corrector while ALFOSC has none. 
This implies that the ALFOSC slit do not necessarily 
trace the same physical region in the blue and in the red 
part of the spectra. However, the airmass at the time of 
the observations was very low and the expected refrac- 
tion should be negligible. 

For the wavelength calibration, we extracted several 
traces from the arc spectrum with the SN trace as a 
template and shifted to different positions along the spa- 
tial axis. In each of these traces we identified the arc 
lines and wavelength calibrated the different parts along 
the slit with the nearest arc spectrum trace. Fortunately, 
the distortion of the arclines along the entire chip is also 
within a few pixels. The maximum deviation between 
the arclines at the extracted trace and the position taken 
for the arcspectrum should be less than 1 pixel which 
corresponds to an accuracy of 0.3 A comparable to the 
accuracy from the wavelength calibration itself. Finally, 
we flux calibrated the individual spectra using the corre- 
sponding standard stars observed at the same night and 
the same setting. We note that the flux of an extraction 
window is different from the one of a pointsource as the 
point spread functions from the neighbouring pixels in 
the spatial direction extend into the extracted part. 

We then fitted the emission lines present in the spec- 
tra with Gaussians and measured the fluxes and, where 
possible, the equivalent widths (EW) of the Ha line. For 
the SN regions, the latter is prevented by the contamina- 
tion from the SN continuum. In a few cases, deblending 
the [N II] and Ha lines in the ALFOSC spectra proved 
to be difficult at this low resolution. In some regions, it 
seems that the part covered by the slit actually contains 
two kinematically different regions as the Ha lines shows 
a double peak which then blends with the bluer compo- 
nent of the corresponding [N ii] double peak. This is not 
surprising since we observe NGC 2770 at a small inclina- 
tion. Regions with heavily blended lines were discarded 
from the analysis. The properties in the different regions 
derived from the emission line analysis as present in the 
next sections are listed in Tab. 3 and plotted in Fig. 3. 

4.1. Metallicity 

For the different regions along the slits we esti- 
mated the metallicity using the N2 parameter. This 
is the ratio between [Nil] /Ha and is calibrated as 
12+log(0/H)=9.37 + 2.03xN2 + 1.26xN22 + 0.32xN23 
(Pettini & Pagel 2004). In the regions with signifi- 
cant detection of [Oiii], we also use the 03N2 parame- 
ter, 03iV2=log[(0 III A 5007 /H/3)/(Nii/Ha)], to derive 
metallicities with 12-hlog(0/H)=8.73 - 0.32 03N2 (Pet- 
tini & Pagel 2004). 

The 03N2 parameter has been calibrated against oxy- 
gen abundances derived directly by determining the elec- 
tron temperature Tg from the temperature sensitive 
[Oiii] A 4363 hue (e.g. Izotov et al. 2006). The 03N2 
parameter is also considered as the most reliable method 
by Kewley & Dopita (2002), if the spectra could be cor- 
rected for dust extinction. However, for low metallicities, 
the [O III] A 5007 line becomes very weak. We were not 
able to use it for deriving metallicities everywhere, since 
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TABLE 2 
Global properties of NGC 2770 



Property 


Value 


Notes 


Reference 


SFR (SED) 


1.1 M0 yr-i 




this work 


SFR (radio) 


0.6 M0 yr"^ 


using Yun & Carilli (2002) 


this work 


LIR 


1.4x101'' Lq 




this work 


SFR (IR) 


1.22 M0 yr-l 


using Kennicutt (1992, eq. 4) 


this work 


SFR (UV) 


0.50 M0 yr-l 


using Kennicutt (1992, eq. 1) 


this work 


,-max 
^rot 


152 km s-i 


21cm emission 


(Rhee & Albada 1996) 


Mgaa 


1.9x10^ M© 




this work 


Nhi 


1.6x10^" atom cm-^ 




(Staveley-Smith & Davies 1988) 


Mhi 


7x10^ M0 




(Broeils & Rhee 1997) 


Mstar 


2.1x1010 Mq 


SED 


this work 


Mtot 


2.6x1010 Mq 


SED 


this work 


Mtot 


l.lxlO" Mq 


including DM; from Vrot 


(Broeils & Rhee 1997) 


Mduat 


1.9x10'^ Mq 


SED 


this work 


Mbh 


1.3x10^ Mq 




(Dong & Robertis 2006) 


SN rate SED 


0.02 SN yr-l 




this work 


SN rate radio 


0.01 SN yr-l 


using Condon (eq. 18 in 1992) 


this work 


Av 


0.15 mag 


SED 


this work 


Ab 


0.19 mag 


SED 


this work 


Ab 


0.14 mag 


from Nhi 


(Staveley-Smith & Davies 1988) 


E(B-V) 


0.03 mag 


SED 


this work 


E(B-V) 


0.84 mag 


Balmer decrement, global 


(Ho et al. 1997) 


Rv 


4.3 


SED 


this work 


lie 


54 cm-3 


(electron density) 


(Ho et al. 1997) 



in some parts of the spectra it was only detected with 
very low significance. For consistency, we therefore use 
the N2 estimate throughout this article. The N2 parame- 
ter does, however, saturate at about solar metallicity and 
even turns around at higher metallicities (about twice 
solar). This is not a problem in our data as we do not 
have regions where the 03N2 parameter gives superso- 
lar metallicities while the N2 metallicity gives a subsolar 
value. 

We find that the N2 and the 03N2 methods give rather 
consistent results at the sites where both are determined. 
The error of the 03N2 parameter is about 0.2 dex in the 
ALFOSC spectra and 0.10-0.15 in the FORS slit. The 
metallicities from the 03N2 and N2 parameters have sys- 
tematic errors of 0.14 dex for 03N2 and 0.18 for N2. We 
therefore estimate the total error of each metallicity value 
to be 0.2 dex for both 03N2 and N2. In Fig. 3 we plot 
the results from both methods where available. Figure 4 
visualizes the 2D distribution of the N2 metallicities in 
the different parts of the galaxy as probed by the four 
slits. 

The metallicity at the SN sites derived from N2 are 
12-hlog(0/H) ~ 8.4, 8.5 and 8.4 for SNe 2008D, 2007uy 
and 1999eh respectively, which corresponds to 0.55-0.70 
Zq [when using 8.66 for the Sun Asplund et al. (2004)]. 
The metallicities derived at the position of SN 2008D 
differ between the ALFOSC and the FORS slits, but still 
agree within the errors. We therefore adopt an average 
metallicity of 8.4 for SN 2008D. The other regions in 
the outer spiral arms on both sides of the galaxy give 
similar values for the metalicity for different slits. The 
nucleus and the central regions have solar or supersolar 
metallicity. From this we derive a metallicity gradient of 
—0.06 dex per kpc. The average metallicity computed 
from the values along the major axis of the galaxy is 8.4. 

It is interesting to note that the metallicities at the SN 
lb sites in NGC 2770 lie between the low values found for 
GRB connected broadline SNe Ic and those of broadline 



SNe Ic not connected to GRBs (Modjaz et al. 2008a). 
They are also slightly higher than the metallicity of the 
HII region which hosted SN 1998bw, a broadlined SN 
Ic connected to GRB 980425, as determined from IFU 
observations of the host (Christensen et al. 2008). Also 
the site of the SN-less GRB 060505 (Thone et al. 2008) 
had a lower metallicity as the SN lb sites in NGC 2770. 
It seems, GRB related SNe have a rather low metallicity 
while SNe lb have about half solar to solar metallicities 
whereas (broadline) SNe Ic require solar to slightly above 
solar metallicities. This result seems consistent with the 
suggestion that in nonrotating stars, the mass loss scales 
with the metallicity (e.g Crowther et al. 2002) and SN Ic 
progenitors are likely experiencing larger mass loss than 
SNe lb. Fast rotating stars, however, as required by the 
coUapsar model (MacFadyen & Woosley 1999), should 
preferentially have low metallicities and less mass loss 
in order to keep the high angular momentum, which is 
required to produce a GRB. 

4.2. Extinction 

The extinction throughout the galaxy is estimated 
from the Balmer decrement. Since H7 is not detected, we 
can only use the Ha/H/3 ratio (Osterbrock 1989). The 
derived extinction is generally high with values for E(B- 
V) between 0.4 and 3.7 mag with most of the regions 
having E(B-V) ^ 1 mag. The extinction at the SN sites 
is considerable with E(B-V)=0.9 mag for SN 2008D, 1.4 
mag for SN 2007uy and 0.7 mag for SN 1999eh. Malesani 
et al. (2008) get a value of E(B-V)=0.8 mag from fitting 
the SN SED, while (Modjaz et al. 2008b) adopt 0.6±0.1 
from the SN broadband fit. The Galactic extinction to- 
wards NGC 2770 is negligible with E(B-V)== 0.02 mag 
(Schlegelet al. 1998). 

Further evidence for dust extinction along the line of 
sight towards SN 2008D comes from the detection of 
NaD absorption in the UVES high resolution spectra, 
the EWs measured are listed in Tab. 4. For unsaturated 
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Fig. 3. — Cut through the Hq Hne and the properties at the different HII regions (see Fig. 4 for the slitpositions on the galaxy). We plot 
two calibrations for the metallicity (errors are 0.2 dex for both methods), the extinction E(B-V) in [mag] and the Ha EW in [A]. The four 
panels arc: upper left; ALFOSC slitposition covering the major axis of the galaxy (slitl), upper right: the slit going through the sites of 
SN 2008D and SN 2007uy (slit2), lower left: position including SN 2008D and 1999eh (slitS) and lower right: the FORS slitposition (slit4). 
For the slit along the major axis, spatial position = kpc indicates the center of the galaxy, for the other positions, for the other slits, 
arcsec was chosen randomly. 



and mildly saturated lines, there is a direct relation be- 
tween the strength of the Na D absorption and the ex- 
tinction (Munari & Zwitter 1997) which have been cali- 
brated towards stars in the LMC. Taking the EW for the 
two components together, we get an extinction of E(B- 
V)=l.l mag. However, Munari & Zwitter (1997) note 
that systems with such high EWs are usually consist- 
ing of several components and the extinction of different 
components is additive so it is more appropriate to add 
the extinction of the resolved subcomponents which are 
on the linear part of the EW-E(B-V) relation. The two 
components then give E(B-V)i = 0.14 and E(B-V)2 = 
0.18 mag and therefore E(B-V)tot = 0.32 mag. There 
is also a high Nh column derived from the X-ray spec- 
tra (Soderberg et al. 2008) oiNn = (7±l)xl02i cm'^, 
assuming Galactic abundances. The corresponding gas- 
to-dust ratio of 2.8x10^^ cm~^mag~^ is low (close to the 
Galactic ratio Nh — 1-7 10^^ cm~^mag~^) compared to 
the ratios observed in GRB host galaxies that are typi- 
cally an order of magnitude higher, suggesting that NGC 
2770 is dust-rich compared to those hosts. 

We also detect a number of diffuse interstellar bands 
(DIBs) at AA 5821.5 A, 5837.4 A and 6328.0 A in the 
UVES spectra which indicates the presence of dust at 
the site of SN 2008D. DIBs are speculated to be pro- 



duced by large carbon molecules, possibly related to the 
polycyclic aromatic hydrocarbons (PAHs) that produce 
strong fluorescence lines in the mid-infrared. It is in- 
teresting to note that DIBs have never been detected in 
the afterglow spectra of GRBs suggesting a harder radi- 
ation field and younger stars in those galaxies compared 
to NGC 2770. We fit the observed spectra (rebinned to 
O.O9A) with template DIB profiles obtained from high- 
resolution high-S/N spectra of DIBs in the diffuse cloud 
toward HD 144217. We keep the width of the feature 
fixed but leave the continuum, the central wavelength 
and the depth scaling as free parameters. Doppler broad- 
ening due to the different velocity components as fitted 
from the NaD and Ca II absorption in the UVES spec- 
tra (see Section 4.4) is negligible for the broad A 6283 
and A 5780 DIBs (FWHM ~ 100 and - 200 kms^^). 
For the narrow A 5797 DIB (FWHM - 40 kms'^) we 
assume that DIBs are present in similar abundance in 
both cloud components as is the case for the Ca II ab- 
sorption strenghts. Taking into account the two compo- 
nents increases the derived A 5797 DIB strength by about 
10-15%. 

Diffuse interstellar bands can provide an important 
measure, just as Na I and K I, for the amount of dust 
in line-of-sights probing the diffuse interstellar medium. 
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Fig. 4. — Metallicities in NGC 2770 along the 4 slitpositions as described in Fig. 3 including the 3 SN sites derived from the [Nll]/Ha 
ratio. The image of the galaxy was taken with the Ha filter in order to highlight the starforming regions. The circle indicates the center 
of the galaxy. 



Additionally, the behavior of different DIBs (or DIB ra- 
tios) in the Milky Way can be used to gain insight in the 
local physical conditions of extra-galactic diffuse clouds. 
The A 5780 DIB carrier is sensitive to UV radiation 
and becomes stronger when exposed to sufficient UV (at 
which time for example the A 5797 DIB carrier is al- 
ready being destroyed by this radiation). For example, 
the DIB strengths (strong A 5780 and A 6283 DIBs) to- 
ward SN2001el in NGC 1448 suggest a strong local UV 
field (SoUerman et al. 2005). On the other hand, ob- 
servations of the ISM toward SN2006X in MlOO (Cox & 
Patat 2008) indicate a dense environment protected from 
strong UV radiation as it shows a very weak A 6283 DIB 
and the presence of di-atomic molecules. The A 6283 DIB 
towards SN2008D in NGC2770 is sHghtly stronger (EW 
A 6283/E(B-V) = 1200 mA) than the Galactic average 
(EW A 6283/E(B-V) = 900mALuna et al. (2008)), while 
the A 5780 DIB is a httle weaker (EW A 5780)/E(B-V) 
~ 350 mA) than the Galactic average (EW(5780)/E(B- 
V) = 460 mA). For single clouds the A 5780 and A 
6283 DIB strengths show a reasonable correlation though 
variations in their ratios are common. Together with a 
slightly above average A 5797/A 5780 ratio and the pres- 
ence of multiple cloud components in the atomic lines 
this indicates that with SN2008D we probe an ensemble 
of diffuse clouds with varying local conditions. 
For example, SN2006X probes a compact dense inter- 



stellar cloud with E(B-V) ^ 1 mag and shows a relative 
weak A 6283 DIB of 177 mA (compared to the Galac- 
tic average of 900 mA per E(B-V)) (Cox & Patat 2008; 
Luna et al. 2008). The line-of-sight toward SN2008D in- 
stead probes at least two diffuse components and shows a 
relative strong A 6283 DIB (EW = 850 mA or EW/E(B- 
V) — 1200 mA) even slightly stronger than the Galac- 
tic "average" relation EW(5780)/E(B-V) - 350 niA for 
SN2008D, and 460 mA for MW, and 189 mA (EW/E(B- 
V) = 630 mA) for SN2001el (Sollerman et al. 2005). The 
A 5780 DIB carrier is sensitive to UV radiation and be- 
comes stronger when exposed to UV radiation. The A 
5780 is relatively weak with respect to the Galactic aver- 
age, while the 6283 is stronger. Although generally these 
two DIBs show some correlation ratios that clearly differ 
between different sightlines. 

4.3. Star formation rates and ages of the stellar 
population 

The local as well as the global SFR in NGC 2770 was 
determined by using the Ha flux and the conversion by 
Kennicutt (1992). The SFRs at the four different slit 
positions are given in Table 3 as SFRkpc"^. We did the 
same for a range of regions within NGC 2770 by using the 
image taken with the Ha filter with the continuum sub- 
tracted using the offband filter as described in Section 2. 
The SFR at the sites of SNe 2008D and 1999eh are com- 
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TABLE 3 
Resolved properties of NGC 2770 



TABLE 4 

EWS AND COLUMN DENSITIES FROM THE UVES SPECTRA 



Position 



12+log(0/H) 
(03N2) (N2) 



E(B-V) 
[mag] 



Ha EW 

[A] 



SFR 

MQ/yr/kpc 



74.86 

69.73 

67.45 (08D) 

61.37 

57.38 

53.77 

51.11 

40.28 

37.81 

31.35 

0.0 

-20.90 

-31.92 

-39.71 

-48.83 

-55.86 

-51.37 



8.31 
8.50 
8.38 

8.66 
8.44 
8.23 
8.53 
8.49 

8.71 

8.67 
8.62 
8.59 
8.36 
8.38 



8.20 
8.33 
8.30 
8.40 
8.25 
8.37 
8.32 
8.65 
8.40 
8.58 
8.45 
8.61 
8.40 
8.39 
8.38 
8.41 
8.28 



0.01 
0.44 



0.89 
2.22 
4.20 
3.12 
2.00 

3.74 
1.12 
1.90 
1.62 
0.82 
0.93 
1.72 



122.1 
34.70 

25.04 
34.32 
35.75 
35.09 
14.21 
28.19 
17.55 
38.85 
40.08 
83.27 
102.9 
122.1 
51.63 
52.52 



64.60 

59.66 

57.38 (08D) 

47.12 

40.28 

25.46 

19.76 

14.06 

12.16 

5.70 

0.38 

-1.90 

-12.54 

-19.76 

-32.30 

-34.77(07uy) 

-37.62 
-51.68 
-78.66 



8.28 
8.32 
8.42 
8.41 



8.60 

8.59 
8.49 



8.22 
8.23 
8.29 
8.37 
8.21 
8.31 
8.29 
8.31 
8.24 
8.76 
8.74 
8.40 
8.42 
8.73 
8.59 
8.53 
8.37 
8.52 
8.45 



0.82 
1.64 



1.27 



2.91 
2.88 



1.41 

1.37 
2.23 



229.8 
50.07 

77.29 
24.31 
27.85 
21.16 
31.13 
20.14 
9.743 
17.89 
32.19 
14.37 
15.95 
35.29 

76.20 
221.6 
72.64 



37.81 (08D) 

22.04 

3.23 

-1.52 

-26.79 

-31.16 (99ch) 

-35.34 



8.52 

8.51 

8.48 
8.35 



8.33 
8.40 
8.49 
8.44 
8.51 
8.37 
8.37 



1.41 
2.25 
2.00 

0.72 
2.04 



30.53 
22.36 
69.33 
71.93 
61.23 
74.66 



34.50 

30.00 

27.25 (08D) 

17.00 

0.500 

-10.50 

-27.50 

-40.00 

-45.00 



8.40 
8.49 
8.57 
8.43 
8.57 
8.58 
8.46 
8.43 
8.28 



8.39 
8.48 
8.51 
8.41 
8.54 
8.56 
8.41 
8.50 
8.33 



0.59 
1.12 
0.95 
1.88 
2.10 
2.34 
0.64 
0.87 
1.86 



119.9 
44.25 
5.014 
91.78 
41.34 
38.31 
117.2 
19.61 
14.56 



5.2 
4.9 
2.7 
2.1 
5.1 
5.3 
4.9 
3.1 
6.7 
3.6 
38.2 
4.0 
14.7 
15.6 
18.2 
10.2 
5.8 



15.8 
4.9 
3.9 
9.7 
3.1 
4.9 
4.4 
8.0 
4.5 
3.7 
7.3 
12.0 
3.9 
2.8 
10.9 
8.1 
15.1 
3.6 
3.5 



10.7 
10.2 
9.8 
32.9 
11.1 
11.8 
11.2 



2.8 
1.2 
1.1 
4.1 
1.4 
1.1 
3.7 
0.3 
0.2 



Note. — Measurements from the optical spectra, from top to bot- 
tom: slit through the major axis (slitl), slit through SN 2007uy and 
SN 2008D (slit2), slit through SN 2008D and SN 1999eh (slit3) and 
FORS spectra through SN 2008D (slit4). Mctallicities and SFRs were 
calculated from the fluxes not corrected for the extinction. The error 
in the mctallicities are around 0.2 dex. 



parable but not especially high. SN 2007uy lies a few 
arcsec from two sites with higher SF. The local SFRs 
elsewhere in NGC 2770 vary from 2xl0~^ to 4xlO~^ 
M0 yr~^ kpc~^. The total SFR from the Ha image 
taking an elliptic aperture to include the entire galaxy 
yields a flux of 6.1x10"^^ ergcm"^ s~^ or a SFR of 0.42 
M0 yr^^ which is consistent with other measurements 
from the UV, IR and radio fluxes. 

The Ha EW is further correlated with the age of the 
underlying population at least in the flrst 10^ to lO^yr 



line id 



Arcst 

[A] 



[A] 



EW 

[A] 



b 

[kms^-^] 



log N 



CallK 


3933.66 


3961.00 


0.55±0.03 


14.1±7.1 


12.92±0.07 






3961.20 




18.3±2.4 


12.78±0.07 


CallH 


3968.47 


3996.05 


0.42±0.03 


14.1±7.1 


12.92±0.07 






3996.25 




18.3±2.4 


12.78±0.07 


Nal D2 


5889.95 


5930.92 


0.33±0.02 


7.3±0.3 


12.96±0.05 






5931.21 


0.38±0.02 


8.1±0.3 


12.71±0.02 


Nal Dl 


5895.92 


5936.94 


0.26±0.02 


7.3±0.3 


12.96±0.05 






5937.23 


0.36±0.02 


8.1±0.3 


12.71±0.02 


DIB 


5780.37 


5821.5 


0.245±0.04 


— 


— 


DIB 


5796.99 


5837.4 


0.850±0.05 


— 


— 


DIB 


6283.85 


6328.0 


0.090±0.02 


— 


— 



Note. — Equivalent width measurements, b parameters and col- 
umn densities (where applicable) of interstellar absorption lines in 
NGC 2770 along the line of sight to SN 2008D, all wavelengths are in 
air. EWs are given for both components in the Ca II and Na I absorp- 
tion systems. Galactic rest DIB wavelengths are from Galazutdinov 
et al. (2000) 

(see e.g. Zackrisson et al. 2001). Table 3 also lists the 
Ha EW at the different parts within the four slits. We 
cannot determine the EW at the sites of SN 2008D and 
SN 2007uy as the continuum is strongly affected by the 
presence of the SNe and we can only measure the EW 
of the nearby sites. We flnd that the stellar populations 
close to the SN sites are not among the youngest ones. 
This is a bit surprising since the progenitors of SNe lb 
are expected to be stars with masses > 30-40 Mq whose 
lifetimes are < 6-7 Myr corresponding to a Ha EW of 
> 100 A (see e.g. SoUerman et al. 2005). There seems 
to be a strong gradient (see Fig. 3) in NGC 2770 to- 
wards high EWs in the outskirts of the galaxy whereas 
the center has rather low EWs corresponding to an older 
population. However, the EWs near all three SN sites 
are not particularly high which does not suggest partic- 
ularity young populations. 

4.4. Kinematics 

The UVES high resolution data allow us to study the 
kinematics in the sightline towards SN 2008D. We use the 
FITLYMAN program in MIDAS (Fontana & Ballester 
1995) to fit different components to the Na I Dl and D2 
as well as the Ca II H & K lines and to determine col- 
umn densities (see Table 4). The absorption lines are 
best fitted with two components which are at velocities 
of -9.21 and 10.01 km s'^ for the Na I lines and -8.60 
and 6.54 km s^^ for the Ca II lines. As v=Okm s^^, 
we take the rcdshift of the center of the galaxy for which 
we adopt z — 0.007 as determined from the ALFOSC 
spectra probing the center of the galaxy. The two com- 
ponents are very narrow and have Doppler b parameters 
of 7.3 and 8.1 km s^^ for Na I D and 14.1 and 18.3 km s~^ 
for Ca II, the turbulent b parameter is very small and was 
fixed to 1 km s"^^. 

We compare the position of the absorption with the 
emission lines which are likely to originate in the SF re- 
gions where the SN reside. The emission lines have a 
width of around 30 km s~^ which is most likely due to 
the turbulence in the SF region. There is no velocity 
shift between the hydrogen and oxygen emission lines 
suggesting a common origin for both elements. The red- 
der component of all absorption lines is coincident with 
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Fig. 5. — Fits to the Calcium and Sodium absorption lines in 
the UVES spectra and comparison to H/3 and [O III] emission lines. 
The dashed horizontal lines indicate the continuum level. Zero 
velocity corresponds to the center of the galaxy. 

the position of the emission hnes while the blue compo- 
nent is slightly shifted. This indicates that the absorbing 
material is most likely in front of the H II region of the 
SN. The position of the A 5797 and A 6283 DIBs are co- 
incident with the other absorption lines whereas the A 
5780 DIB is offset by about 40 km/s. A fit with fixing 
the center of the line to v= km/s gives almost the same 
X^ and a slightly lower line strength of 230 mA. There is 
also an intrinsic scatter of the rest wavelength of DIBs 
from different surveys which vary by 10-20 km/s. Due 
to the low line strengths and their intrinsically broad 
profile, it is not possible to distinguish different velocity 
components in the DIBs. 

5. NGC 2770 IN THE CONTEXT OF OTHER GRB AND SN 

HOSTS 
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Fig. 6.— Fits to the DIBs detected in the UVES spectra of SN 
2008D. Zero velocity corresponds to the center of the galaxy. 

5.1. Other galaxies with high SN rate 

A number of galaxies exist that have had more than 
one SN detected in the optical. The record until today 
is for NGC 6946 with 9 SNe detected, and where all that 
could be classified were SNe II. NGC 6236 (M 83) had 
6 SNe and there are 3 galaxies with 5 SNe (NGC 4303 
(M61), NGC 4321 (MlOO) and NGC 2276 (Arp 25). Fur- 
thermore, there are 9 galaxies with 4 SNe detected and 
26 with 3 SNe of which one is NGC 2770 (complete up to 
May 30, 2008). We compiled this information from the 
CfA database including only galaxies with a catalogue 
name. We also include in our sample of frequent SN 
galaxies 4 galaxies that had 2 stripped-envelope SNe (to 
date NGC 2770 is the only one with 3). This sample is 
clearly biased but may still be useful for the comparison 
between frequent SN galaxies. 

In Table 7 we list the SFRs, SNRs and specific SFRs 
weighted by the mass represented by the K-band lumi- 
nosity for this sample. The radio SFRs are derived from 
Yun & CariUi (2002, eq. 15), the UV SFRs from Kenni- 
cutt (1992). For most galaxies, there is a good agreement 
between the UV and radio SFR except for NGC 2276 
and NGC 3670. Usually, radio SFRs are higher than 
UV SFRs as the UV is affected by extinction in the host 
galaxy, which plays a larger role in edge on galaxies. In 
our sample, we do not to account for the extinction cor- 
rection and this was not done either for the GRB sample 
we use for comparison in Section 5.2. The SNRs were 
calculated from the nonthermal radio flux according to 
Condon (1992, eq. 18) which are based on the assump- 
tion that the radio flux comes from synchrotron radiation 
from electrons accelerated in the SN remnants. 

It may appear surprising that the galaxies with the 
highest number of observed SNe do not necessarily have 
the highest (expected) SNRs as derived from radio data. 
However, most galaxies with 4 or more SN detected have 
an expected SNR between 1-4 in 10 yrs. This is con- 
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sistent with the number of actually detected SNe con- 
sidering the small numbers and that SN observations in 
most of these galaxies have only been possible for the 
last few tens of years. NGC 2770 has a SSFR and SNR 
among the lowest in our sample and does not reflect the 
detected SN rate which could, however, be a statistical 
fluctuation (see Section 5.3). 

An important bias in SN detections is the inclination 
of the galaxy observed as noted by several authors (e.g. 
Cappellaro et al. 1999). In our sample, the average num- 
ber of SNe detected per galaxy drops towards higher in- 
clinations, however, the distribution peaks around 30 deg 
inclination, most likely due to the low number of sys- 
tems with lower inclinations. All of the galaxies with 5 
and more SNe detected are seen nearly face-on. If we 
would have seen them edge-on, parts of the SNe might 
have been missed due to dust extinction or superposition 
with the bright central regions. Both issues are currently 
being addressed with SN searches in the IR (e.g. Mattila 
et al. 2007; Maiolino et al. 2002; Mannucci et al. 2003) 
and continuous monitoring of galaxies to perform image 
subtraction or observations in the radio (e.g. Cram et al. 
1998) 

It is interesting to note that many of the galaxies 
with frequent SN Ib/c occurrence are classified as star- 
bursts, irregular or interacting with a neighboring galaxy 
whereas the galaxies with mainly SNe II or la are more 
"ordinary" spirals. This result is not surprising as SN 
Ib/c progenitors are likely more massive than those of 
SNe II and should therefore come from a younger pop- 
ulation. Interaction between galaxies is considered as a 
possible trigger for star formation. In Fig. 8, we display 
the fraction of each SN type which occurred in the same 
type of galaxy. For the galaxy classification we adopted 
the values from de Vaucouleurs et al. (1991) which at- 
tributes values from -6 to 11 with -6 to for elliptical 
galaxies, 1-9 spirals of increasing Hubble type and 10, 
11 for irregular galaxies. SNe Ibc seem to be more fre- 
quently detected in later type spirals compared to SN 
Type II, whereas SN la are rather evenly distributed over 
all galaxy types, van den Bergh et al. (2005) investigated 
the complete sample of SNe detected with the LOSS SN 
search and their hosts up to 2005 and do not find a sig- 
nificant different between the Hubble Type of SN Type 
Ib/c and SN Type II. For our sample, we do only con- 
sider frequent SN hosts which introduces some bias in the 
sample. Panel I in Fig. 8, however, shows that, at least 
in our sample, there is a tendency of a higher fraction of 
SNe Ib/c over SNe II for spirals of later Hubble type. 

Furthermore, some galaxies seem to produce only a 
certain type of SNe. In order to investigate this notion, 
we calculated the fraction of galaxies that only had one 
SN type detected from our sample of 44 frequent SN 
galaxies. 29 of those had SNe II out of which 51% had 
only SNe II, 13 had SNe Ib/c with 46% only having SNe 
Ib/c and 17 with SNe la of which only 29% had uniquely 
SNe la. In these numbers, we only include the classified 
SNe. It seems that indeed, galaxies with SNe II and 
Ib/c often only have one type of SN whereas this is less 
pronounced for SNe la. This result suggests that the SF 
history in those galaxies is rather uniform in the sense 
that SF has a common onset in time and first produces 
mainly SNe Ibc expected to come from the most massive 
stars, whereas later on, when the dominant population 




Fig. 7. — Images of the top 5 SN galaxies and Fornax A (only la 
SNe) with the positions of the SNe indicated. 
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Fig. 8. — Fraction of detected SNe sorted according to the de 
Vaucouleurs classification (dc Vaucouleurs et al. 1991) of their host 
galaxies. SNe Ib/c seem to be more concentrated towards later type 
spirals whereas SNe II seem to prefer earlier type spirals which are 
also expected to have an older stellar population. In general, most 
SNe are detected in spiral galaxies. 

has become older, mainly SNe II are produced. 

5.2. Comparison to other GRB and SN hosts 

We now compare our sample of frequent SN galaxies to 
the hosts of long GRBs that are known to be connected 
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TABLE 5 
Galaxies with frequent SN occurrence 



galaxy 


incl. 


SNc 


SN types 


gal. type 


SFR (rad.) 


SFR (UV) 


SNR 


MstcUar 


SSFR 






[dcg] 








[Mo yr-i] 


[M© yr-i] 


[yr-^] 


[Mo] 


[Gyr-i] 


MW 






4 




SBc 


1 


1 


0.0100 


5 IQio 


0.02 


NGC 6946 




29 


9 


11(6) 


.SXT6..'i 


3.125 


3.143 


0.0744 


2.725x10"' 


0.115 


NGC 5236 


(M83) 


21 


6 


Ia(l) 


.SXS5..d 


7.002 


0.278 


0.1666 


6.506x10"' 


0.108 


NGC 4303 


(M61) 


25 


5 


11(4) 


.SXT4.. 


11.17 


10.09 


0.2650 


7.828x10"' 


0.143 


NGC 4321 


(MlOO) 


36 


5 


la (4), II (1) 


.SXS4.. 


6.655 


4.569 


0.1579 


9.942x10^" 


0.067 


NGC 2276 


(Arp25) 


21 


5 


11(2) 


.SXT5..d 


17.55 




0.4157 


2.374x10"' 


0.739 


NGC 1316 


(FornaxA) 


56 


4 


la (3) 


PLXSOP^ 




1.764 




3.146x10^" 


15.93 


NGC 4038 




65 


4 


la (1), Ib/c (1) 


.SBS9P. '^''^ 


16.00 




0.3867 






NGC 3367 




13 


4 


la, Ib/c, II 


.SBT5..» 


11.30 




0.2671 


5.092x10"' 


0.222 


NGC 6754 




60 


4 


II (1), la (1) 


.SBT3.. 


2.551 




0.0580 


5.317x10" 


0.048 


NGC 5468 




24 


4 


II (1), la (2) 


.SXT6.. 












NGC 4725 




49 


4 


unci. 


.SXR2P. 


0.393 


1.475 


0.0093 


8.632x10" 


0.005 


NGC 3184 




15 


4 


unci. 


.SXT6.. 


0.275 


— 


0.0065 


7.864x10" 


0.035 


NGC 2841 




65 


4 


la-p (2) 


.SAR3*.'' 


<0.343 


0.287 


<0.0082 


2.668x10" 


0.013 


NGC 3690 




40 


4 


lb (2), II (2) 


.IB9P..''''= 


67.10 


0.679 


1.5873 


7.283x10" 


0.921 


NGC 521 






3 


11(1) 


.SBR4.. 


0.819 




0.0193 


1.630x10" 


0.006 


NGC 664 






3 


11(3) 


.S..3*. 


3.77'/ 




0.0888 


3.938x10"' 


0.096 


NGC 735 






3 


II(l),Ic(l) 


.S..3 


0.830 




0.0196 


3.044x10" 


0.027 


NGC 1058 




21 


3 


Ib/c(l), 11(1) 


.SAT5.. 


0.019 




0.0004 


1.142x10^ 


0.017 


NGC 1084 




56 


3 


11(2) 


.SAS5.. 


8.110 




0.1925 


2.324x1010 


0.349 


NGC 1097 




47 


3 


11(3) 


.SBS3..f 


7.180 


0.172 


0.1707 


8.872x1010 


0.081 


NGC 1365 




58 


3 


11(2) 


.SBS3.. 


15.23 




0.3619 


1.316x10" 


0.116 


NGC 1448 




79 


3 


Ia(l), 11(2) 


.SA.6*/ 


1.394 




0.0331 


2.051x10"' 


0.068 


NGC 1559 




56 


3 


11(2), Ia(l) 


.SBS6.. 


8.049 




0.1912 


1.841x10"' 


0.437 


UGC 1993 






3 


la, II 


.S..3.. 












NGC 2207 




54 


3 


Ib(l), Ib/c(l) 


.SXT4P.'' 


29.69 




0.7035 


6.953x10^0 


0.427 


NGC 2770 




72 


3 


Ib(3) 


.SAS5*. 


0.586 


0.638 


0.0139 


9.821 xlO" 


0.059 


NGC 3147 




31 


3 


la, lb 


.SAT4..f 


7.393 




0.1750 


1.512x10" 


0.049 


NGC 3627 


(M66) 


67 


3 


la, 11(2) 


.SXS3..^'f 


2.441 


1.111 


0.0581 


4.086x10"' 


0.060 


NGC 3631 




28 


3 


11(1) 


.SAS5.. 


1.148 




0.0276 


1.492x10"' 


0.077 


NGC 3938 




14 


3 


Ic,II 


.SAS5.. 


0.426 


0.816 


0.0101 


8.586x10^ 


0.050 


NGC 3947 




31 


3 


Ia(l), Iln(l) 


RSBT3.. 


2.070 




0.0486 


5.592x10"' 


0.037 


NGC 4157 




90 


3 


II, unci. (2) 


.SXS3$/ 


1.162 




0.0276 


1.184x1010 


0.098 


NGC 4254 


(M99) 




3 


11(1) 


.SAS5.. 


25.09 


12.29 


0.5944 


1.715x10"' 


0.146 


NGC 4374 


(M84) 




3 


Ia(2) 


.E.l... ^'-^'f 




0.064 




6.344x10"' 


1.104 


NGC 4527 




71 


3 


Ia(l) 


.SXS4..^ 


5.817 




0.1380 


8.834x10"' 


0.066 


NGC 4939 






3 


11(1) 


.SAS4..f 


4.971 




0.1177 


7.156x10"' 


0.069 


NGC 5033 




70 


3 


11(2) 


.SAS5..f 


2.775 


0.393 


0.0660 


2.201x10"' 


0.126 


NGC 5253 




90 


3 


1(1) 


.I..9P*<* 


0.148 


0.079 


0.0035 


1.445 xlO" 


0.102 


NGC 5457 


(MlOl) 


7 


3 


11(1) 


.SXT6.. 


0.443 


0.270 


0.0105 


6.307x10^ 


0.070 


NGC 5668 




22 


3 


la, II 


.SAS7.. 


0.603 




0.0143 


9.036x10* 


0.668 


NGC 3810 






2 


Ib(l), Ic (1) 


.SAT5.. 


1.249 




0.0297 


1.134x10"' 


0.110 


NGC 7714 




42 


2 


Ib/c(2) 


.SBS3*P=''<*'° 


1.258 


0.952 


0.0298 


1.704x10"' 


0.074 


NGC 4568 




65 


2 


Ib(l), Ic (1) 


(SAbc)'' 


6.391 


1.128 


0.1514 


8.751x10"' 


0.073 


NGC 3464 




50 


2 


Ib(l), Ic(l) 


.SBT5.. 













Note. — Complete sample of all galaxies with > 3 SNe and 5 galaxies with 2 stripped envelope SNe, compiled from the CfA 
SN database. The classifications are adopted from RC3 ^, for those galaxies without RC3 classifications, we use the classification 
from NED. The adopted T value is the number in the classification code for spirals, the only elliptical galaxy, NGC 1316 has T=-2. 
Radio data, UV flux and K-band luminosity are taken from NED where available. SNRs are derived from radio data according to 
Condon (1992, eq. 18), SFRs are from Yun & Carilh (2002, eq. 15) for radio and Kennicutt (1992) for UV SFRs. 

^low ionization nuclear emission line region (LINER) 

''interacting galaxy 

•^low excitation radio galaxy (LERG) 

''starburst 

'^Wolf-Rayet galaxy 
Seyfert galaxy 

Sfst column: R = outer ring; P = pseudo outer ring; C = compact; D = dwarf, 2nd column: E, S, I, P: elliptical, spiral, irregular, 
peculiar, 3rd column: X = transition between A (no bar) and B (barred galaxy). "+": transition between elliptical and lenticular 
galaxies (E/SO); 4th column: T = transition between s (no inner ring) and r (strong inner ring), number = ellipticity for an elliptical 
galaxy: = round, 6, 7 = edge-on; = 10 galaxies; 5th column: lenticulars: -, 0, or + (lenticular stages), spirals: Hubble stage: 
for 0/a, 1 for a, ... 9 for m, for Magellanic irregulars, always 9; 6th column: Uncertainty (* or ), P (minor peculiarity), or / = sp 
(spindle; an edgewise galaxy); 7th column: same as 6th, if needed. 
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Fig. 9. — Specific SFR from the UV versus stellar mass derived 
from the X-band luminosity for GRB hosts (blue squares) and the 
sample of frequent SN galaxies (red dots) presented in Tab.??. The 
GRB hosts specifically mentioned in Sec. ?? and NGC 2770 are 
plotted as empty symbols. 

to broadlined SNe Ic. For the GRB hosts, we take the 
sample from Castro Ceron et al. (2008) which lists the 
UV SFRs derived from the relations of Kennicutt (1992) 
as well as the stellar masses derived from the restframe K 
band luminosity. GRB hosts have generally lower masses 

(log M,tcllar.SN =10.71 Mq, log Mstellar.GRB =10.36 Mq) 

and higher SFRs (SFRgrb =2.9 Mqjt-^, SFRsn = 2.0 
M0yr~^) than the frequent SN hosts from our sample. 
This leads to a higher SSFR for GRB hosts (0.075 and 
0.32 Gyr~^ for SN and GRB hosts respectively) even 
though the two samples overlap partially. We note that 
the masses derived in Castro Ceron et al. (2008) are 
about two times higher than the masses in the sample 
Savaglio et al. (2008) which partially overlap with the 
sample of Castro Ceron et al. (2008). This difference is 
partly explained by the use of different assumptions for 
the ratio Msteiiar/L/f in both works. NGC 2770 has a 
SSFR close to the average in the frequent SN host sam- 
ple, but a somewhat lower mass, but the SSFR lies clearly 
in the lower end of the distribution of long GRB hosts. 

The hosts of broadlined SNe Ic from the sample of 
Modjaz et al. (2008a) have SFRs comparable to those 
of GRB hosts, but most likely smaller SSFRs due to 
their higher masses. As mentioned above, hosts of broad- 
lined SNe Ic have higher metallicities than nearby GRB 
hosts which always have subsolar metallicities, some of 
them even down to 1/10 solar (for a complete sample see 
Savaglio et al. 2008, and references therein). Modjaz et 
al. (2008a) also note that the properties of the hosts of 
broadlined SNe Ic are consistent with those of normal 
nearby starforming spiral galaxies. 

Some nearby GRB hosts are also different from the 
usual picture of low mass, high SF GRB hosts. The host 
of GRB 980425, connected to SN 1998bw (broadlined 
SN Ic) is a spiral galaxy with not particularly high SF 
in most parts of the galaxy, 1/3 of the global SF derived 
from this galaxy comes from a very luminous Wolf-Rayet 
(WR) region close to the GRB site (Christensen et al. 
2008). The host of GRB 060505, a long GRB without 
SN, is a spiral galaxy and displays relatively high SF 
and a low metallicity at the site of the GRB (Thone et 
al. 2008), but not in the galaxy in general, even though 



the SF is still higher than in NGC 2770. It is still an open 
question whether GRB hosts are a special population of 
star-forming galaxies or following the general trend of 
other galaxies with redshift. 

5.3. SN detection rates and the probability of finding 3 
SNe in NGC 2770 in 10 years 

NGC 2770 apparently has a high observed SN lb rate 
with 3 explosions within ten years. Indeed, although 39 
more galaxies are known to have had 3 or more SNe, no 
other galaxy has had more than two Ib/c SNe. Is this 
unexpected? 

To date, no independent measurement of the SN rate 
of SNe lb exists. In most cases (e.g. Dahlen et al. 2004; 
Cappellaro et al. 2005) rates in the literature are given for 
all Core Collapse Supernovae (CC SNe) together. Such 
results are, however, dominated by SNe II, which are 
the most frequent SNe. Some papers list at least SNe 
Ib/c and SNe II separately (e.g. Cappellaro et al. 1999; 
Mannucci et al. 2007). 

The rate measurements are either volumetric in case of 
higher-z SN surveys (e.g. Dahlen et al. 2004; Neill et al. 
2006), or galaxy monitoring type searches, i.e. searches 
that look repetitively with a given cadence at a sample 
of galaxies. This kind of search usually has a number of 
biases, such as the frequency of observations, the limiting 
magnitudes achieved, the techniques used for detection 
or the galaxy inclination, and are restricted to lower or 
intermediate redshift (Cappellaro et al. 1999; Botticella 
et al. 2008). 

Unlike SNe la, where an accurate and complete volu- 
metric SN rate at low redshift has been measured (Dil- 
day et al. 2008), the most recent results for CC-SNe 
is still from Cappellaro et al. (1999). Making esti- 
mates to correct for a number of biases, (Cappellaro et 
al. 1997) combine the results of 5 different supernova 
searches (including pre-CCD data) and obtain a rate 
of 0.08 ± 0.04 X (Ho/75)2 SNu for SNe Ib/c (1 SNu = 
1 SN per 100 yr per IO^^Lq). This rate increases to 
0.14 ± 0.07 X (Ho/75)2 if one only takes Sbc-Sd type 
galaxies. For NGC 2770, we find a B-band luminosity 
from NED of 1.1 x IO^^Lq. Assuming a Poissonian dis- 
tribution for supernova events, the probability of NGC 
2770 to have 3 SNe Ib/c in a decade is then 6.1 x lO^'^. 
The probability of getting 3 SN lb events is even smaller. 

We cross-check our expected number of SN events in 
NGC 2770 with Mannucci et al. (2007), who normalized 
the SN rate to the K-band luminosity (SNuK) by us- 
ing the same sample of SN host galaxies as Cappellaro 
et al. (1999). The K-hand luminosity is a better indica- 
tor of the stellar mass than the _B-band luminosity which 
traces mostly the young star population. With a K band 
magnitude of 9.57 for NGC 2770 and by comparing with 
their predicted rates for Sbc galaxies (Mannucci et al. 
2007, Tab. 2) we calculate a probability of 1.5 x 10"*^ 
for NGC 2770 to have 3 SN Ib/c events within a decade. 
The two probabilities derived differ by a factor of about 
two. However, the chance probability for the observed 
SN rate at NGC 2770 is overall very small. In addition, 
the B-K color of NGC 2770 is 3.20, a value that does not 
indicate an extreme CC SN production (Mannucci et al. 
2007) . We note that the values derived here are only the 
probability to detect a SN from statistical considerations 
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and the luminosity of the galaxy and do not necessarily 
correlate with the expected SN rate from radio observa- 
tions. 

However, we also have to account for the number of 
observed galaxies to derive a number for the probability 
to find one such galaxy which produced 3 SNe lb. SNe 
have been discovered in ^ 3500 local galaxies but the to- 
tal number of monitored galaxies is difficult to estimate, 
due also to the lack of information and uncertainties in 
individual amateur efforts. The results from Cappellaro 
et al. (1999) and Mannucci et al. (2007) are based on sam- 
ples of 9346 and 8450 galaxies respectively. The LOSS 
search (Fillipenko et al. 2001), which is the most suc- 
cessful and systematic search in low-z, monitors around 
5000 local galaxies. If we now assume ^ 10000 monitored 
galaxies, the chance of observing this high SN rate in any 
galaxy becomes 0.6— 1.5% which is still a fairly low prob- 
ability but given the uncertainties it could be consistent 
with a chance coincidence. This would also support the 
conclusions derived in Chapter 3 and Chapter 5.1 that 
NGC 2770 has no extraordinary global properties. 

As a curiosity we add here that the same method of cal- 
culating probabilities, can to some extent explain the ob- 
served SN rates in the top SN producing galaxies (those 
with more than 5 observed SNe) with probabilities in the 
range 10^^ — 10"^, except the top SN producing galaxy, 
NGC 6946, which has a SED very similar to NGC 2770 
(chance probability lower than 10""*). 

6. NGC 2770B 

We also obtained spectra of the neighboring galaxy, 
NGC 2770B, which has the same redshift as NGC 2770 
(Fynbo et al. 2008) and can therefore be considered as 
a companion of NGC 2770. The galaxy consists of two 
"blobs" and we divide the 2D spectrum in 3 parts of 
which two are part of the first "blob" but show a small 
spatial separation in the emission lines in the 2D spec- 
trum. Both regions shows very strong emission lines 
which points to a very young population undergoing 
heavy star formation. In Table 6 we list the emission 
lines detected as well as their fluxes. 

We detect a large range of emission lines not detected 
in the spectra of NGC 2770 including [Neiii], US, Can, 
Na I, [O III] A 4363, He i. He ii, [S iii] and [Ar iii] where the 
western "blob" of the galaxy shows most emission lines. 
[Neiii] A 3869 is exceptionally strong, especially in the 
western blob which indicates a large number of young 
stars. The spectrum resembles very much the nebular 
spectrum of young HII regions such as the Orion neb- 
ula in the MW. In this region, we also detect a clear 
Wolf-Rayet (WR) feature at 4640 A (restframe). In Fig. 
10, we show the spectrum of region one which has the 
strongest emission lines with an inset showing an enlarge- 
ment of the WR feature. 

The extinction as derived from the Balmer decrement 
using both Ha/H/? as well as Hf3/Ilj is consistent with 
zero. In order to determine the metallicity for NGC 
2770B we cannot use any of the measurements which 
require [Nil] that is only barely detected. This might be 
both an effect of the low metallicitiy and probably also 
a high temperature in the HII regions. Instead, we use 
the R23 parameter (Kewley & Dopita 2002) based on the 
line fluxes of Ha, H/3, [O ill] and [0 11] which are all de- 
tected with high S/N in contrast to the spectra of NGC 



TABLE 6 

Line fluxes in NGC 2770B 



Line 


region 


1 region 2 


region 3 




flux 


[lO^^^crgcm 


-2s-l] 


[0 11] A 3729 


13.8 


7.07 


5.95 


Ne III] A 3869 


15.5 


2.43 


1.71 


He 


6.47 






Can A 3969 


9.69 


0.73 


1.06 


H<5 


7.34 


1.16 


1.17 


H7 


14.3 


1.46 


1.74 


[O III] A 4363 


3.23 




0.28 


Hel A 4472 


1.02 






H/3 


29.6 


4.37 


4.04 


EW[A] 


615 


44.4 


119 


III A 4960 


71.1 


8.88 


7.81 


III A 5008 


194 


25.8 


23.4 


He I A 5876 


3.11 


0.13 


0.49 


Siii] A 6313 


0.84 


0.23 




Ha 


71.3 


14.1 


12.6 


EW[A] 


2200 


295 


709 


N II] A 6585 


0.51 


0.04 


0.14 


Sii A 6718 


0.97 


0.54 


0.30 


S II A 6732 


2.60 


0.19 


0.89 


Neil A 7024 


1.14 


0.68 


0.45 


He II A 7065 


0.63 






Am] A 7135 


1.76 


0.33 


0.29 


II A 7330 


1.81 






12+ og(0/H) 


7.19 


7.29 


7.26 


E(B-V) 











SFR arcsec-2 


0.025 


0.0049 


0.0043 



Note. — Fluxes and properties for three re- 
gions in NGC 2770B. The metaUicity has been 
derived from the R23 parameter, the extinction 
from the Balmer line decrement, the SFR from 
H« and is listed as SFR/arcsec^. 

2770. The metallicities we derive are among the lowest 
detected for nearby galaxies with 1/30 to 1/25 solar. 

In two of the three spectra extracted from NGC 2770B, 
we also detected the [O ill] A 4363 line which allows us 
to determine the electron temperature. From the elec- 
tron temperature, it is possible to derive directly the 
abundances of 0+/H and 0++/H by using the method 
described by Izotov et al. (2006, eq. 1, 2, 4 and 
5) and assuming that Te(Oii)=~0.577-hTe(O ill) [2.065- 
0.498Te(O III)] which Izotov et al. (2006) suggests for low 
metallicities (eq. 14). We then get values of Te(Oii) — 
lAxlO^ K for region 1 and Te(Oii) = 1.2x10" K for re- 
gion 3 which gives metallicities of 12+log(0/H)=7.1 and 
7.6 respectively. The value for region 1 agrees very well 
with the one derived from R23 whereas the value for re- 
gion 3 from the Tg method is higher. We note, however, 
that the [O iii] A 4363 line in region 3 was not detected 
with high signiflcance. 

The SFR in the eastern blob is comparable to the SFR 
in the nucleus of NGC 2770, however in the western part 
it is about an order of magnitude higher than in any 
region in NGC 2770. The very high EW of the Ha line 
also indicate a dominant stellar population of only a few 
Myrs. We also calculate the global SFR from collapsing 
the entire spectrum of NGC 2770B and obtain a SFR 
of 0.11 M0yr~^. We obtained images from the 2MASS 
catalogue in Kg band and determined a magnitude of K^ 
= 15.3 mag for NGC 2770B. Assuming a mass-to-light 
ratio of 0.4, the median value adopted by Castro Ceron 
et al. (2008) for GRB host galaxies, and taking eq. 1 from 
Castro Ceron et al. (2008), we determine a mass of only 
log M*=7.65 M0. Together with the SFR derived from 
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Fig. 10. — Spectrum of the region 1 in NGC 2770B which has the strongest emission lines. The emission lines of [Olll] and Hq have 
been cutted in order to enlarge the scale to show the weaker emission lines. 



Ha, this gives a very high specific SFR of 0.39 Gyr~^. 

NGC 2770B is a rather unsual galaxy compared to its 
massive neighbour NGC 2770. The fact that no SN has 
been detected (yet) in this galaxy is likely only due to 
its very low total mass so is the expected observed SN 
rate. It is also one of the most metal poor galaxies ever 
detected (see e.g. Izotov et al. 2006) which further indi- 
cates a very young stellar population. What triggered 
this high SFR in NGC 2770B remains unclear. It is also 
interesting that the most metal poor region has a clear 
detection of a WR feature. WR stars do only occur in a 
very narrow time window after the onset of a starburst 
between 2 and 5x10^ yr and are therefore a good tracer 
of the SF history. Models for WR stars predict a strong 
metallicity dependence on the wind which produces these 
features (e.g. Vink et al. 2001). However, there are a 
number of low metallicity galaxies with detected WR fea- 
tures which have challenged this model (e.g. Brinchmann 
et al. 2008). Possible explanations are that there are ac- 
tually more WR stars produced than predicted from the 
models or that WR stars which are rapidly rotating can 
form at much lower metallicities. Rapidly rotating WR 
stars have also been suggested as progenitor for GRBs. 
Overall, NGC 2770B seems to be a exceptional galaxy 
that is potentially interesting for future studies. 

7. CONCLUSIONS 

We have investigated the properties of the three SN 
sites in NGC 2770, the host of three SNe lb, and the other 
regions in the host along 4 longslit positions. Previous 
observations in all wavelengths from UV to radio allow us 
to fit the SED of NGC 2770 and derive a range of global 
properties from it. We then set NGC 2770 in context to 
a sample of galaxies with frequent SN occurrence (3 or 
more SNe detected) and also compute the probability to 
detect three SNe lb in a galaxy within only 10 years as it 
was the case for NGC 2770. From this analyses, we then 
conclude the following: 



• NGC 2770 has global properties similar to the MW, 
even though it has a higher number of SNe ob- 
served. Its SFR and SNR are around the average 
of other nearby spiral galaxies and our sample of 
frequent SN galaxies. 

• The only outstanding property of NGC 2770 is its 
high HI mass which indicates a large reservoir for 
forming stars. 

• The metallicities at the SN sites in NGC 2770 are 
around 0.5 solar which is similar to the values ob- 
served for nearby GRB sites, but lower than for 
broadline SN Ic sites. 

• Almost half of the galaxies with SNe II and Ib/c 
only have one type of SN which is likely con- 
nected to the age of the dominant stellar popula- 
tion. Galaxies producing SNe Ib/cs have a higher 
deVaucouleurs number than those producing SN II. 

• SN and GRB hosts seem to be somewhat different 
in terms of SFRs and masses. 

• The probability to detect 3 SNe lb in a galaxy is 
0.6 to 1.5 % assuming 10,000 monitored galaxies. 

It therefore seems to be likely that observing 3 SNe lb 
in NGC 2770 was only a chance coincidence. NGC 2770 
is by no means a special galaxy that would be predes- 
tined to produce only stripped-envelope SNe. In fact its 
properties are not typical for galaxies with (frequent) SN 
Ib/c occurrence. However, it might also imply that the 
local properties at the SN sites are more important, at 
least in some galaxies, to produce a certain type of SN 
than its global properties. 
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